To contribute to the assessment of the degree of discomfort in rats after orbital puncture, we have examined the histological changes in the intraorbital tissues caused by this technique of blood sampling. Orbits were studied from rats euthanized either within 1 min, 4 days, 28 days or S6 days after puncture while under diethyl-ether anaesthesia. The techniques of 2 animal technicians were compared, one using a broken haematocrit capillary and the other using an intact Pasteur's pipette. Non-punctured orbits served as controls.
Summary
To contribute to the assessment of the degree of discomfort in rats after orbital puncture, we have examined the histological changes in the intraorbital tissues caused by this technique of blood sampling. Orbits were studied from rats euthanized either within 1 min, 4 days, 28 days or S6 days after puncture while under diethyl-ether anaesthesia. The techniques of 2 animal technicians were compared, one using a broken haematocrit capillary and the other using an intact Pasteur's pipette. Non-punctured orbits served as controls.
Microscopic slides containing the eye in situ at 2 horizontal levels in the orbital region were examined for 37 parameters; the slides were scored blind and in random order. Orbital puncture caused haemorrhages in the puncture track and, depending on the technique used, also in the periosteum. Four days after puncture, inflammatory reactions were present in the puncture track. Depending on the technique of puncture, these reactions were also seen in the eye muscles and periosteum or in the Harderian gland. Within 4 weeks after puncture, the lesions had healed without detectable scars. The different histological effects of the·2 techniques of orbital puncture are discussed in the light of the characteristics of these techniques. Blood sampling by orbital puncture is a controversial technique . However, it has been shown that orbital puncture in rats under diethyl-ether anaesthesia did not induce an endocrine stress response superimposed on that caused by the diethyl-ether (Van Herck et al., 1991) . Behaviour in a small open field was found not to differ between punctured and nonpunctured rats . In clinical examinations up to 3 weeks after orbital puncture, however, punctured versus non-punctured orbits showed a slightly, but significantly increased incidence of en ophthalmia . This effect may be related to histological changes in the intra-orbital tissues. Krinke et al. (1988) reported that repeated orbital puncture in rats did not cause histological changes in the lens or Harderian gland. Orbital puncture did induce retinal atrophy, but only if large blood samples (3 . 5 to 7 ml instead of O· 8 mll animal) were taken (Krinke et al., 1988) .
The purpose of this study was to provide additional information on the histological consequences of orbital puncture in laboratory animals.
Materials and methods

Origin of orbits
Heal..s of conventionally housed Wistar (Cpb : WU) rats in current experiments were collected either at the Wageningen Agricultural University (Beynen & Lemmens, 1987; Van Lith et al., 1989) or at 2 different locations of the Utrecht State University (Ritskes-Hoitinga et al., 1989; Van IInterval between the two punctures of the same eye was 2 weeks. Herck et al., 1991) . Housing conditions, diets, age and sex of the animals are described in the indicated publications. Heads were collected by decapitation of the rats while under diethyl-ether anaesthesia. After removal of the skin, they were fixed in 41170 (vIv) formalin. The heads wereselected on the basis of the interval between puncture and euthanasia (to study the time required for wound healing) and the technician (A versus B) who performed the puncture (to study the effect of technician and his puncture technique). Table 1 shows the characteristics of the orbits studied. For each animal house non-punctured orbits were used as controls.
were randomly chosen for histologicalpreparation. The nose, mandibula and caudal part of the skull were removed to reduce the time necessary for decalcification to 6 days; decalcification of the skull was done by exposure to a solution containing 6' 81170 formic acid: sodium formiate in a 1 : 1 ratio. Then, series of horizontal slides were made, starting from the molar teeth up to the dorsal half of the eyeball. The 2 eyes remained in situ in the orbital region. After staining with haematoxylin-eosin, 2 slides were selected from each head. One slide represented the dorsal part of the orbital region and included Techniques of orbital puncture Both animal technicians (A and B) punctured the medial corner of the eye of rats that were under diethyl-ether anaesthesia. Stasis was induced in the jugular vein at the ipsilateral side of the orbit to be punctured. Technician A pushed, with a rotating movement, the sharp end of a broken heparinized capillary (external diameter 1· 6 mm) into the orbit until he felt resistance. Then, he withdrew the capillary slightly, so that blood appeared in the capillary. Technician Bused an intact Pasteur's pipette (external diameter of the tip 1. 3 mm) containing a drop of a heparin solution. He pushed the pipette into the orbit while gently rotating it. As soon as blood flushed into the pipette, it was held still and blood was collected.
Histological preparation of orbits
After a fixation period of at least 3 weeks in a neutral' buffered 40/0 formaldehyde solution, heads of 4 or 8 animals per treatment (Table 1) the maxillary nerve ( Fig. 1, level 1) . The other slide came from a more ventral region ( Fig. 1 , level 2).
Histological examination of orbits
Both levels of the orbital region were scored blind and in random order for 37 parameters (Table  2) by 2 independent pathologists. They assigned scores on a scale from 0 to 3. A value of 0 was given when no abnormality was detected.
Depending on the severity of the abnormality, scores ranging from 1 to 3 were assigned. The parameters were degeneration, haemorrhage, increase of polymorphonuclear inflammatory cells (PMN-cells), infiltration with mononuclear inflammatory cells (MN-cells), increase of connective tissue fibres and increase in histiocytes/ fibroblasts.
They were scored first for the puncture track (if present), then for the Harderian 55 gland, the eye muscles, the maxillary nerve, the optic nerve and the periosteum lining the bones at the medial side of the orbital region. The amount of secretum in the Harderian gland was scored also.
Statistical analysis
After assessment of the parameters, the code was broken. The scores of the 2 pathologists did not differ significantly (Mann-Whitney U test, P>O·05). Therefore, for subsequent analyses the scores were averaged for the 2 pathologists. Selected comparisons were evaluated using the Mann-Whitney U test. The statistical power of these comparisons was somewhat low due to the relatively small numbers of orbits studied (Table  1) . However, for the sake of clarity only those parameters for which the difference between the treatment groups reached statistical significance are presented. For comparison of the two technicians, ANOV A was used. Differences were considered to be significant at P < o·05.
Results
Single orbital puncture with interval between puncture and euthanasia of < 1 min
In the orbital region of the animals which were euthanized immediately after orbital puncture, haemorrhages were found in the puncture track at both orbital levels (Table 3) . Haemorrhages were most severe at level 2. Relatively small amounts of extravascular blood were found in the periosteum of rats punctured by technician A. Haemorrhage in the eye muscles tended to be increased for both animal technicians at both levels For number of orbits studied, see Table I ; for explanation of orbital levels, see Fig. I . Only median values of parameters that were significantlydifferent betweentreatments are given. Values within one row with the same superscriptletter are significantlydifferent. Table 3 , For explanation of abbreviations, see Table 2 , Table 3 . For explanation of abbreviations see Table 2, (results not shown). Degeneration in the eye at orbital level 1, the number of MN-cells and muscles was slightly increased at level 2 for histiocytes/fibroblasts were increased significantly, technician B.
as was the amount of connective tissue fibres (Table 4 ). In the Harderian gland at orbit level Single orbital puncture with interval between 2, technician B had produced a statistically puncture and euthanasia of 4 days significant increase of the number of MN-cells Four days after orbital puncture, no significant and histiocytes/fibroblasts. In the eye muscles haemorrhages were found. In the puncture track at orbital level I of the animals punctured by technican A, there was a significantly increased degeneration and increased numbers of MNcells, connective tissue fibres and histiocytes/ fibroblasts. The numbers of connective tissue fibres and histiocytes/ fibroblasts of the periosteum at orbital level 1 were also significantly increased in rats punctured by technician A.
Single orbital puncture with interval between puncture and euthanasia of 28 days or 56 days Table 5 lists the histological scores from the eyes punctured once by technician A. The median values of all parameters that were significantly increased either < 1min or 4 days after puncture had regressed to zero within 28 days after puncture. An exception was the value for MNcells in the Harderian gland at orbital level 2. This value was significantly elevated at 56 days after puncture.
Orbits punctured twice with interval between puncture and euthanasia of 14 days
In the orbital regions which were punctured twice (Table I) , significantly increased numbers of remnants of haemorrhage were found at orbital level 2 in the puncture track and in the Harderian gland. The median values of the other parameters were zero (results not shown).
Differences between animal technicians
Immediately after puncture, the degree of degenerative changes in the eye muscles was significantly higher for technician B than for A. The median score for haemorrhage of the periosteum at the two orbital levels tended to be higher for technician A than for B (Table 3) . Four days after puncture, the changes in the puncture track at orbital level I (MN-cells, connective tissue fibres and histiocytes/fibroblasts) and the changes in the Harderian gland at orbital level 2 (MN-cells and histiocytes/fibroblasts) were significantly more severe for technician B than for A (Table 4) , except for haemorrhage in the Harderian gland (results not shown). Four parameters of the eye muscles at orbital level 2 (degeneration, MN-cells, connective tissue fibres and histiocytes/fibroblasts) and two parameters 57 of the periosteum at orbital level 1 (connective tissue fibres and histiocytes/fibroblasts) had higher scores for technician A compared with technician B (Table 4 ). The latter technician produced somewhat higher scores from the degree of haemorrhage in the eye muscles (results not shown).
Discussion
It is obvious that an invasive technique such as orbital puncture should cause tissue damage. Immediately after puncture, haemorrhages were found in the puncture track, eye muscles and periosteum. This may indicate that the blood collected by orbital puncture is derived from a haematoma caused by rupture of various blood vessels.
Four days after puncture, distinct inflammatory reactions were present in the puncture track (significantly more pronounced for technician B than A), the Harderian gland (for technician B only), the eye muscles (for technician A only) and the periosteum (for technician A only). Infiltration with mononuclear cells and/or histiocytes/ fibroblasts and an increased amount of connective tissue fibres were present. Thus, although orbital puncture clearly produced an inflammatory response, there were differences between the 2 techniques of puncture and/or between the 2 technicians. Technician A, using a broken capillary with sharp end, caused less puncture track damage than technician B, using the blunt Pasteur's pipette. The lesions of the periosteum produced by technicians A and by B agree with the different techniques used. Technician A pushed the sharp capillary into the orbit until he felt resistance, probably being caused by the bone of the medial wall of the orbit. Pushing the capillary against the periosteum probably caused haemorrhage (Table 3 ) followed by inflammation (Table 4 ). The enophthalmia found on clinical examination of rats punctured by technician A (Beynen et 01., 1988) correlates with the alterations of the eye muscles caused by this technician (Table 4 ). Irritation of the eye muscles might result in contraction, leading to recession of the eyeball.
The lesions induced by a single orbital puncture were found to heal without formation of detectable scar tissue. Four weeks after puncture, no lesions were found in the orbits of animals punctured once (Table 5 ). In the animals euthanized 2 weeks after 2 orbital punctures with an interval of 2 weeks, we only found remnants of haemorrhages in the puncture track and in the Harderian gland, while no inflammatory reactions and increase of connective tissue fibres were
